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VSHHGUDWLRRIWKHJHDUVWKHQZLWK6DOJDGR>@DQDO\]HGWKHSRZHUIORZDQGWUDQVPLVVLRQHIILFLHQF\RISODQHWDU\
JHDUV WUDQVPLVVLRQ ZLWK PXOWLPHPEHUV EDVHG RQ JUDSKLFDO UHSUHVHQWDWLRQ PHWKRG /DXV DQG 6LPDV HW DO >@
DQDO\]HGWKHWUDQVPLVVLRQHIILFLHQF\RIGXSOH[SODQHWDU\JHDUVWUDQVPLVVLRQE\JUDSKDQGVFUHZWKHRU\&KHQ;LDRDQ
DQG&KHQ+RQJ>@SURSRVHGDQDQDO\VLVJHRPHWULFPHWKRGDSSOLHG WR WKHNLQHPDWLFDQGHIILFLHQF\FDOFXODWLRQRI






WKH VWUXFWXUH DQGSRZHU IORZRI FORVHGSODQHWDU\ JHDU WUDLQ/L4LQJNDL HW DO >@ DSSOLHG ERQG JUDSK WKHRU\ WR
DQDO\]HWKHSRZHUIORZRIWKHFORVHGSODQHWDU\JHDUWUDLQ
7KH PHWKRGV UHSRUWHG ZHUH FXPEHUVRPH WR DQDO\]H SRZHU IORZ RI WKH FRPSOH[ DQG FORVHG SODQHWDU\ JHDUV
WUDQVPLVVLRQ DQG FDOFXODWH LWV HIILFLHQF\ 7KH\ ZHUH DOVR GLIILFXOW IRU SUDFWLFDO DSSOLFDWLRQ WKHUHIRUH PXFK RI
GLIILFXOWLHV IRU GHVLJQ ZRUN RI WKH FRPSOH[ DQG FORVHG SODQHWDU\ JHDUV WUDQVPLVVLRQ ZHUH FDXVHG DQG WKH
GHYHORSPHQWDQGDSSOLFDWLRQVZHUHUHVWULFWHGVHULRXVO\7KHSRZHUGLVWULEXWLRQVRIWKHFRPSOH[DQGFORVHGSODQHWDU\
JHDUV WUDQVPLVVLRQV RI WKH DLUFUDIW HQJLQH SRZHU VSOLW SODQHWDU\ JHDU UHGXFHU LV DQDO\]HG DQG LWV WUDQVPLVVLRQ
HIILFLHQF\LVFDOFXODWHGEDVHGRQWZRUXOHVZKLFKDUHDOO W\SHVRIFRPSOH[RUFRPSRXQGJHDUFDQEHGHFRPSRVHG





2.1. Structure Kinematic and power analysis of BGT 
$OO W\SHV RI FRPSOH[ RU FRPSRXQG JHDU FDQ EH GHFRPSRVHG LQWR EDVLF JHDU WUDQVPLVVLRQ ZLWK D VLQJOH
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7KHNLQHPDWLFHTXDWLRQRIWKHJHDUiWKHJHDUjDQGWKHJHDUIUDPH kLVVKRZQDVIRUPXOD
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ZKHUHTimTjmDQGTkmDUH WKH WRUTXHRI WKHJHDU i WKHJHDU j DQGWKHJHDU IUDPHkPimPjm DQGPkmDUH WKH
SRZHURIWKHJHDUiWKHJHDUjDQGWKHJHDUIUDPHk





JHDU iWKHJHDU jDQGWKHJHDUIUDPH k.
7KH WUDQVPLVVLRQ UHODWLRQGLDJUDPRI%*7ZLWKVLQJOHGHJUHHRI IUHHGRP6'2)RQO\KDVEDVLF W\SHV
DQG WKHLU HIILFLHQF\H[SUHVVLRQDUH VKRZQ LQ7DEOHRU LQ WKHGHULYDWLRQSURFHVVRI WKH OLWHUDWXUH>@ ,Q WKH
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7KLVIRUPXODLVXVHGLQWKHFRQWDFWUDWLRUDQJHζİĮ˘WKHIULFWLRQFRHIILFLHQWȝLVFRQVWDQWzi LVWKHWHHWK
QXPEHURIWKHJHDU izjLVWKHWHHWKQXPEHURIWKHJHDU jİ gpEİ gpEİĮ İİgLVIURPSLWFKSRLQWpWR
PHVKLQJ ILQLVKSRLQWBg LV IURPPHVKLQJVWDUWLQJSRLQWBWRSLWFKSRLQWppELVEDVHSLWFK LQ WKLVSDSHU
Șij0 >@
7KH WUDQVPLVVLRQ UHODWLRQGLDJUDPRI%*7ZLWK WZRGHJUHH RI IUHHGRP DUH DOVR RQO\  EDVLF W\SHV7KH
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3.1. 2K-H planetary gears transmission power diagram and power balance equations 
.+SODQHWDU\JHDUVWUDQVPLVVLRQSRZHUGLDJUDPLVJUDSKLFDOUHSUHVHQWDWLRQPHWKRGWKDWODEHOVSRZHUV\PEROV
RQHDFKEDVLFFLUFXLWRISODQHWDU\JHDUVWUDQVPLVVLRQZKLFKLVFRPSRVHGRI%*7$OOEDVLFFLUFXLWVDQGQRGHVRI.
+ SODQHWDU\ JHDUV WUDQVPLVVLRQ SRZHU GLDJUDP PHHW ZLWK WKH SRZHU EDODQFH HTXDWLRQ .+ SODQHWDU\ JHDUV
WUDQVPLVVLRQSRZHUGLDJUDPDQGWKHSRZHUEDODQFHHTXDWLRQVDUHVKRZQLQ7DEOH
)URPWDEOHLWFDQEHIRXQGWKDWWKHQDWXUHRISRZHUGLDJUDPDQGSRZHUEDODQFHHTXDWLRQVEHWZHHQ1*:W\SH
DQG 1: W\SH SODQHWDU\ JHDUV WUDQVPLVVLRQ DUH WKH VDPH DQG WKH QDWXUH RI SRZHU GLDJUDP DQG SRZHU EDODQFH
HTXDWLRQVEHWZHHQ11W\SHDQG::W\SHSODQHWDU\JHDUVWUDQVPLVVLRQDUHDOVRWKHVDPH
7DEOH.+SODQHWDU\JHDUVWUDQVPLVVLRQSRZHUGLDJUDPDQGEDODQFHHTXDWLRQV
7UDQVPLVVLRQW\SH 1*: 1: 11 ::

































3.2. Application Example 
2QHH[DPSOHLVWDNHQLQWKHOLWHUDWXUH>@DVDSSOLFDWLRQRIWKHDERYHPHWKRG,WLVNQRZQWKDWDQDLUFUDIWHQJLQH
SRZHUVSOLWSODQHWDU\JHDUUHGXFHU$(35GLDJUDPVKRZQLQ)LJLWVQXPEHUVRIWHHWKDUHz z
 z z 
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$QODO\]LQJ SRZHU DQG FDOFXODWLQJ WKH WUDQVPLVVLRQ HIILFLHQF\ RI WKH FRPSOH[ DQG FORVHG SODQHWDU\ JHDUV
WUDQVPLVVLRQ LQ WKLVSDSHUEDVHGRQ WKHNLQHPDWLF HTXDWLRQ WRUTXH DQGSRZHUEDODQFH HTXDWLRQRI WKHEDVLFJHDU
WUDQVPLVVLRQ7KHFDOFXODWLRQUHVXOWVRIWKHWUDQVPLVVLRQHIILFLHQF\E\WKHPHWKRGRIWKHSDSHULVFRQVLVWHQWZLWKWKH
FRQYHQWLRQDO PHWKRG EXW WKLV PHWKRG LV PRUH VLPSOH LQWXLWLYH DQG SUDFWLFDO PHWKRG IRU SRZHU DQDO\VLV DQG
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HIILFLHQF\ FDOFXODWLRQ LW FDQSURYLGH WKHRUHWLFDO UHIHUHQFHV IRU GHVLJQZRUN RI WKH FRPSOH[ DQG FORVHG SODQHWDU\
JHDUVWUDQVPLVVLRQ
7KHPHWKRG LQ WKLV SDSHU FDQ DFKLHYH SRZHU DQDO\VLV DQG HIILFLHQF\ FDOFXODWLRQ RIPRUH FRPSOH[ FRPSRXQG
SODQHWDU\JHDUVWUDQVPLVVLRQWKURXJKWKHDQDO\WLFDOSURFHVVHVRI([DPSOH
5HIHUHQFHV
>@ =KX;- 'XDQ )++X4&5HVHDUFK RQ UHODWLRQVKLS EHWZHHQ SRZHU IORZ DQG V\VWHP SDUDPHWHUV LQ FORVHG SODQHWDU\ JHDUV'HVLJQ DQG
5HVHDUFK
>@ 3HQQHVWUu (9DOHQWLQL 33$ UHYLHZ RI IRUPXODV IRU WKHPHFKDQLFDO HIILFLHQF\ DQDO\VLV RI WZR GHJUHHVRIIUHHGRP HSLF\FOLF JHDU WUDLQV
$60(-RXUQDORI0HFKDQLFDO'HVLJQ
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
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